. Structural characterisation by x-ray diffraction. (a) Coupled θ-2θ scans around the (110) reflection of the film and substrate for the six films with a thickness from 25 nm to 192 nm. All films, with the exception of the 90 nm, show an out of plane lattice constant (as indicated by the peak position) that is almost invariant with thickness. (b) the monoclinic M B unit cell for the BFO films, as is commonly found in the (110) orientation 1, 2 . (c) Lattice constants (in the monoclinic frame) of the films as a function of thickness, determined from XRD reciprocal space mapping around the (310) reflection. The error bars were determined from 1 s.d. of Gaussian fits to the diffraction peaks. (d) and (221) reflection (e). The 50 nm, 142 nm and 192 nm films are fully strained in the [001] direction and almost fully relaxed in the [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] direction. The only exceptions are the 65 and 90 nm films where slight relaxation and a multiple domain structure is evident, probably due to the substrate quality. In the figures the precise thickness t of the films is given. The surface roughness σ s and interface roughness σ i is less than 2 nm for all films. There is no evidence for an interfacial or surface layer with different composition.
SIMULATION OF THE NEUTRON DIFFRACTION MAPS
We first consider the single domain case (Fig. S2a,b ), D1, with polarization direction along [111] and therefore cycloidal wave vector along . The instrumental resolution for a given frame was estimated by fitting a 2-dimensional Gaussian function to the substrate contamination peak.
Magnetic peaks in the positive frame ( Fig. S2a ): taking the position in reciprocal space of the structural BFO peak from the positive XRD RSM, the positions of the magnetic peaks were deduced by using the [11-2] propagation vector with a peak separation for the bulk-like (λ 0 = 64 nm) and for comparison a lengthened (λ 0 = 84 nm) cycloid. The magnetic peak shapes for the film were obtained from fitting to the split peaks for samples which showed clearly split peaks; namely the 142 and 192 nm samples.
Magnetic peaks in the negative frame ( Fig. S2b ): taking the position in reciprocal space of the structural BFO peak from the negative XRD RSM (notice that this peak is closer to the STO peak than for the positive frame, due to the monoclinic distortion of the unit cell), the positions of the magnetic peaks were determined by the same procedure as for the positive frame, taking into account the [11-2] cycloid propagation direction. Note that due to the instrumental resolution (poorer in the direction of the scattering vector Q) the split peaks in such a frame are superimposed on each other, resulting in one broad peak. A line profile taken orthogonal to the scattering vector will result in a single peak with close to double the intensity of a single peak from a cycloidally-split doublet.
Next we consider the case of a multiple domain structure, see . Accordingly, the magnetic splitting occurs along the other direction when compared with D1. The superposition of the four peaks (two from D1, two from D2) results in a pattern as shown in Fig. S2c,d . Effectively, in both frames, one broad peak and one weaker peak is observed. The splitting is more clearly resolved in the positive frame (as observed in the experiment) due to the fact that the stronger domain D1 is split orthogonal to the poor resolution direction. Note that we scale the intensity of the magnetic Bragg peaks with the intensity of the XRD peaks, that is, the intensity of the peaks corresponding to D2 is typically 2-3 times lower than for peaks arising from D1.
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